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Goals 1n Leptonic Decays

¢ Test theoretical calculations ~ [=====es
in strongly coupled theories if _
in non-perturbative regime msam |
¢ty & 15/t needed to - A T
improve constraints from  ValVl (Y J E
Am, & Am</Am,. Hard, if
not impossible, to measure af :
. . LCKM " CP-conservin |
directly (i.e. B >1*v or - e
utv), but we can determine 5

fy & f, using D—p*v and
use them to test theoretical
models (1.e. Lattice QCD)



Goals 1n Semileptonic Decays

@ Either take V_ -q from other information and

test theory, or use theory and measure V_

®V_, use D>K(K*)¢v to measure form-factor
shapes to distinguish among models & test lattice
QCD predictions

®V _, use D—n(p)lv

®V_, &V with precise unquenched lattice
predictions, + V _, would provide an important

unitarity check
®V . use D—plv to get form-factor for B—plv,

at same vev point using HQET (& név)

cq



Leptonic Decays: D — /v

Introduction: Pseudoscalar decay constants

c and q can annihilate, probability 1s o to
wave function overlap

VCd +

Example : c W ¢
D+ gluons
d Y

In general for all pseudoscalars:

9 2
(P —>€+v)—in, ngM( mle 14
3T 4 M

Calculate, or measure 1f Vo, 1S known
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Expected B for
P"—>/"v decays

¢ We know:
ch =131.73+0.15 MeV Leptonic Branching Ratios for If:250 MeV
fir=160.6+1.3 MeV 107 ‘
¢ The Dy has the largest 107 . !
B, for u*v rate is ~0.5% % 1074 |
¢ fp Measured by several g .
groups, best CLEO I, but = ¢ AV
Still poorly known o AT
@ c¢'v rate is ~4 orders of 1o B+ o N

magnitude smaller than pu*v,
in the Standard Model



¢ Ease of B measurements
using "double tags

B, =# of A/# of D's

® Possible because
¢ relatively large B (many %),

¢ multiplicities typically small
charged” — ~2:9, <>~ 1.2,
¢ enough luminosity

¢ Reconstruct single D mesons
using:

szC :Z E12 _Z f)i2 :E‘tz)eam _Z 1_)>i2

<n

¢ Then find either a
leptonic or semileptonic
decay of the opposite D



D™ Candidates (in 281 pb'!)
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# of tags = 158,354+496, includes charge-conjugate modes




Finding Leptonics &

Semileptonics

¢ Ease of leptonic & semileptonic decays using double
tags & Missing Mass? technique:

2 . . . 2
MM" = (E - E Ehadrons) - (pD+ o pﬁ o phadrons)
We know ED+ _Ebeam> pD+ B pD'
¢ For leptonic decays
2 2 — — 2
MM — (Ebeam £+) o (_pD_ o p[L)
¢ Search for peak near MM?=0

¢ Since resolution ~ M2, reject extra particles with
calorimeter & tracking
|P

¢ Sometimes people use U |, for

semileptonic decays

mISS mISS missi?



Technique for D" — u'v

¢ Fully reconstruct one D-, and count # of tags

¢ Seck events with only one additional charged track and
no additional photons > 250 MeV to veto D™ — ' n°

¢ Charged track must deposit only minimum 1onization
in calorimeter

¢ Compute MM?. If close to zero then almost certainly
we have a utv decay. Evaluate backgrounds

¢ Evaluate efficiencies

¢ Evaluate Systematic errors



Measurement of 1+

MC Expectations from 1.7 Data: 50 events 1n the
fb-!, 30 X of our data signal region in 281 pb 1
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Deriving a Value for f+

Backgrounds
Mode B(%) # Events
il 0.13+0.02 1.40+£0.18+0.22
KOr+ 2.77+0.18 0.33+0.19+0.02
T (T2 7H) 2.65*B(D > utv) 1.08+0.15+0.16
Other D*, D° <0.4, <0.4 @ 90% c.l.
Continuum <1.2 @ 90% c.l.
Total 2.81+£0.3070%
¢ There are 158,354 tags. €= 67.7% | Efficiencies: i detection

4 (B(D -1 V) (4 40+0. 66+0 .09 )XIO -4 1(69.4%); extra shower

-0.12 (96.1%); correction for

'S fD+ :(222 61 6,7Jr2 3 ) MeV easier tag reconstruction in

u'v events (1.5%)
¢ D" - ev)<2.4x10° @ 90% c.1.,

rules out some non-Standard model theories !



Systematic Errors

Source of Error %
Finding the ut track 0.7
Minimum ionization of utmm EMcal | 1.0
Particle identification of u* 1.0
MM? width 1.0
Extra showers 1n event > 250 MeV 0.5
Background 0.6
Number of single tag D" 0.6
Monte Carlo statistics 0.4
Total 2.1
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Comparison to Theory

¢ BES EXPERIMENT
measurement .
based on CLEO-c —— 222.6 £16.7 31 MeV
I
2.67+1.74 events BES > H —F
S 4 e - - - -
¢ Current Lattice THEORY |
measurement 00143417 Me\ —+— Lattice QCD (FNAL & MILC)
(unquenched ~——s——Lattice QCD Exact Chiral Sym.
1ght rs)is— ———— Quenched Lattice QCD (UKQCD)
g avors) 1s |
consistent H—o—r Quenched Lattice QCD
¢ But systematic R ggg zﬁrencfdl S;m Rules
l
(C&I’I'OI'S .On. thle Oy ; : o + Relativistic Quark Model
Statlsucj‘ : . Potential Model
e‘f'r](l)lis on data are : . Isospin Mass Splittings
still large | | |
100 200 300 400

fo+ (MeV) 5
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Inclusive semileptonic
branching fractions

¢ Tagged sample: only “golden
modes” DK n*and D*—>K 't nt*

¢ Identify e, m, K right-sign and
wrong-sign samples, use unfolding
matrix—true e population.

¢ Correction for p,- cut
B(D" — Xev)=(16.19+0.20+0.36)%
> B(D" — Xev),,=(15.1+0.50+0.5)%
B(D’ — Xev)=(6.45+0.17+0.15)%
D B(D" — Xev),,=(6.1£0.2+0.2)%

excl
I'(D" — Xev)
['(D° — Xe'v)

=1.01%0.03+0.03
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Exclusive Semileptonic
Decays

¢ Best way to determine \V;

. QiQf 2
magnitudes of CKM o W
elements, 1n principle 1s to - Vf
use semileptonic decays. — % }Hadron

Decay rate oV ;o

¢ This1s how V  (A) and V
(A) have been determined

. . 2
¢ Kinematics: ¢° =(pj — Pl ) =mp +my—2E,m,

¢ Matrix element in terms of form-factors (for
D—Pseudoscalar £* v

(PP D(By)) = £.(* By + o), + £ (4 )P, =P,
¢ For ¢ = e, contribution of f (g%)—0
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Combining Semileptonics &

Leptonics
¢ Decay rate:
dr(p—rpev) |V, B PYEN:
i 24z )

¢ Test of models 1n D decays: predictions of
shapes of form factors (for D—>Vector £7v there

are 3 form-factors)

¢ Note that the ratio below depends only on QCD:

[(D"—(v) dq’ v fo

1 dr(D* > mev)  Pf()]
2
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Cabibbo Favored Semileptonic

Decays
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Events / ( 10 MeV )

Events / ( 10 MeV )

Cabibbo Suppressed Semileptonic

Decays
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Summary of Semileptonic

Branching Ratio Results

Ratio to PDG
Decay Mode B (%) (CLEO-c/(57/pb)) B (%) (PDG-04) iR B . 'P[')G' 260; )
1. D= rety 0.26 +0.03 + 0.01 0.36 + 0.06 D°> ne'y —-— S
2. D= K¢ty 3.44 +0.10 =+ 0.10 3.58+ 0.18 BB . m BES EktiRR)
3. DY K*(K-m)etv 216 4+ 0.24+ (.11 2.15+ 0.35 —rev L
4. D°— K* (Kir)etv 2.25+0.21 +0.11 2.15+0.35 D°= K™ (K'm%)e'y  mmm
5. D= pety 0.19 + 0.04 + 0.02 — . s
6. D*— ety 0.44 4 0.06 = 0.03 0.31+0.15 D"> K™(K'sm)e™r  mumm
7. D= Kty 8.71 + 0.38 + 0.37 6.7 0.9 i new
i D> p e’V I
8. D= KK 7hletr  570+0.28+0.25 5.5+ 0.7 P
9. _[)+ — pu(fﬂ'+?r7)e+1/ 0.21 + 004 + 0.02 0.25+0.10 D"'_), ﬁoe+1/ _
10. DT = w(nrtr aVetv 0.17 +0.06 = 0.01 —
D*> K°%e*v L
. . D' K°(K™n*)e'v -
¢ Using unquenched lattice e
i 1 new
D [ |
(hep-ph/0408306) find B
L A | s 2 L L I L L L L I L L A L

-1 0 1 2 3

® V.. =0.956+0.036+0.093+£0.017 [V_ (LEP)=0.976+0.014

¢ V_;=0.213+0.008+0.020+0.008 V.(VN) =0.224+0.012
Currently this checks

Stal  SyS  CXD e

lat lat CLEO-C 9



¢ K" mostly K* with some
s-wave (1 seen by FOCUS)

¢ For D—V e'v, use 3 helicity
amplitudes H (¢?), H (q?), = 4
& H(q%)

¢ Add h,(q*)*H,(q*) to account - < Use 2447
for s-wave term | events
¢ Use 281 pb'! Pl
UE w

0.6 0.8 1.0 1.2 1.4

M(Km) GeV/c?



Form Factor Results

0.0020
0.0015 |
o.0010 |

0.0005 |

0.0000 [
0.0

OO4FT T T T T
003}
.02 |

001}

pOO—— 17—
0.0

¢ Significant
S-wave
amplitude
confirmed

¢ Parameter-
1zation not
great

¢ No

evidence
fordorf
wave
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Lattice comparison: f,, and

semileptonic form factors

¢ We can use a quantity independent of V_;to do a
CKM independent lattice check:

p = | LD >pv) S
YNTWDT > zlv) - f7(0)

¢ | obtain: RZZI =0.22+£0.02
R, =0.2510.02

¢ Theory and data consistent at ~30% C.L.
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Conclusions

& B(D" - p'v) =(4.40£0.66'"Y)x10*

¢ £ =(222.6+16.73;) MeV, consistent with
unquenched lattice QCD (hep-1at/0506030)

¢ More data coming including D™ —p'v
¢ D" - e"v) <2.4x10”° @ 90% c.l.

¢ World’s best semileptonic branching ratios in
most modes with only 20% of available data; will
be updated soon along with form-factor
measurements
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